Bacteria have been implicated in recurrent choledocholithiasis associated with endoscopic sphincterotomy (EST). This study was designed to clarify whether bacterial examination of bile provides information useful in predicting the risk of recurrence of choledocholithiasis in patients undergoing EST. Bacteria in bile collected via a duodenoscope before cholangiography were cultured. We compared bacterial isolates and quantity among 41 patients with choledocholithiasis (7 with and 34 without a history of recurrent choledocholithiasis) who had undergone EST more than 3 months previously and 13 control patients with no evidence of pancreatobiliary disease. The bile samples were cultured under aerobic and anaerobic conditions. The bacterial quantity was expressed as the mean logarithm of the number of colony forming units (CFU)/ml. Furthermore, cholescintigraphic studies of bile flow were performed with the use of 99mTC-HIDA to study the clinical implication of these variables. No bacteria were detected in 10 of the 13 patients in the control group. In the other three control patients the bacterial count was 2.21ogCFU/ml or less. The mean bacterial count was significantly higher in patients with recurrence than in those without recurrence. Cholescintigraphy revealed a trend toward a higher number of isolates and a higher bacterial count in bile in patients with delayed bile passage than in those with good passage. The results suggest that an increased number of biliary isolates and an increased bacterial count indicate decreased bile flow in patients with choledocholithiasis who are being followed up after EST. These variables may potentially serve as indicators of the risk of stone recurrence. Especially when the bacterial count is higher than 7.0 log CFU/ml, the risk of a decrease in bile flow and an increased stone recurrence would be possibly found.
INTRODUCTION
Endoscopic sphincterotomy (EST) was introduced to general clinical practice about 20 years ago [1] [2] [3] . It is now routinely used in the treatment of choledocholithiasis. Many aspects of the longterm outcome of EST remain unknown, although several studies have addressed this problem [4] [5] [6] [7] .
One late complication of EST is the recurrence of cholecystitis and choledocholithiasis. The incidence of cholecystitis has been estimated to range from 8.6% to more than 25% [4] [5] [6] [7] , and various measures have been proposed for the management of this complication.
Recurrence of choledocholithiasis is generally caused by calcium bilirubinate stones, the formation of which involves the bacterial flora, parapapillary diverticulum, and dietary habits [8] .
/3-glucuronidases produced by bacteria play a particularly important part in the formation of calcium bilirubinate stones [9] [10] [11] [12] [13] . Clinically, most cases of choledocholithiasis occur in elderly patients. Some asymptomatic cases are discovered incidentally on routine examination, but the majority of cases are symptomatic, often associated with severe symptoms of cholangitis. The identification of cases at high risk for recurrence requires regular follow-up by ultrasonography or endoscopic retrograde cholangiopancreatography (ERCP).
We studied bile bacteria before and after EST to test the hypothesis that bacterial flora in bile plays an important part in recurrence of choledocholithiasis. The primary objective was to determine whether biliary bacteria can serve as a prognostic factor indicating the risk of recurrent choledocholithiasis. In addition, cholescintigraphy was performed to study the clinical implications of related variables.
SUB3ECTS AND METHODS

Subjects
The study group comprised 41 patients with choledocholithiasis who underwent EST. Thirty-four of these patients who underwent EST during the 22 months between August 1994 and June 1996 had no recurrence for at least 3 months after stone removal, and 7 patients had recurrence of choledocholithiasis. As control, 13 patients with no abnormalities of the bile ducts or pancreatic duct on ERCP were also studied. Thus, a total of 54 patients participated in the study (Table I) .
Although the duration of follow-up was short in the 34 patients with no recurrence and there was a risk of subsequent recurrence, in this study these patients were defined as having no recurrence. EST was performed via a medium or large incision. Transnasal biliary drainage was performed until the completion of lithotomy to prevent cholestasis [14] . During the procedure, all patients were given the same antibiotic, in principle. The common-bile-duct stones were analyzed by infrared spectroscopy to identify their principal components. The stones were classified according to the criteria proposed by the proposal of the Gallstone Study Group of the Japanese Society of Gastroenterology [15] . Among the patients with no recur- 
Bile Bacteria in the Control Group
Bacterial concentrations were below the detection limit of 2.0 10 CFU/ml (0.3 logCFU/ml) in 10 of the 13 subjects in the control group and were therefore not detected (Table II) . Among the three other control subjects, a total of four species were identified: one species each in two patients and two species in one patient. The quantities of all bacteria were less than 2.2 log CFU/ml. Passage of bile from the common bile duct to the duodenum within 20 min was defined as good passage, that requiring from 20 min to less than 45 rain as slightly delayed passage, and that requiring 45min or more as delayed passage [16] . Both [17] [18] [19] . These stones are apparently formed through the action of/%glucuronidases produced by bacteria, which convert conjugated bilirubin, a water soluble substance, into insoluble free bilirubin, which binds with calcium and is deposited [9] [10] [11] [12] [13] . In addition to/3-glucuronidases produced by E. coli, those elaborated by aerobes and anaerobes are also important. In mixed infections involving E. coli, a trend toward potentiation of/3-glucuronidase activity has been reported [9] [10] [11] [12] [13] .
Clinically, the recurrence rate of common-bileduct stones has been studied by various investigators. Estimated recurrence rates range from 4.6% to up to 16% [3, 5, 17] . Takegawa et al. [20] reported a high recurrence rate of 16% and a mean interval of 35 months until recurrence. Although some of the differences are related to the duration of follow-up, in our study the recurrence rate was about 8.0% for a follow-up period ranging from 6 to 72 months (mean, 30.8 
months).
Generally, most cases of common-bile-duct stones recur between 2.5 and 3 years after initial treatment. To distinguish between residual stones and recurrence, after lithotomy we performed another imaging study via a balloon catheter as well as peroral cholangioscopy in all patients to confirm and remove any remaining stones and to reduce the risk of residual stones [21] . Virtually all cases of recurrence in this study were considered true recurrence rather than residual stones.
Various factors, such as the parapapillary diverticulum and the diameter of the common bile duct, have been implicated in stone recurrence [8, 19, 22] , and two or more episodes of recurrence frequently occur in the same patient. Prior identification of patients at greatest risk for recurrence allows such patients to be closely followed up at regular intervals. We therefore focused our attention on the role of biliary bacteria as a potential indicator of the risk of recurrence.
Even when a sterilized catheter is used, it is difficult to maintain completely sterile conditions during the transpapillary procurement of bile samples because of contact between the forceps tip and duodenal fluid. Many reports have therefore proposed techniques for biliary surgery or percutaneous transhepatic cholangio-drainage (PTCD) that can be performed aseptically. However, as for techniques for measuring bacteria, although some prior studies have counted the number of isolates or semi-quantitatively estimated bacterial quantity, few have quantified the amount of bacteria [23] [24] [25] [26] [27] . We used a scope, which had been mechanically washed, and a cannula to obtain samples of bile as aseptically as possible.
Bacteriological examinations revealed no bacteria in 10 of the 13 patients in the control group. Organisms were detected in the other three patients, but the bacterial counts were all less than 2.21ogCFU/ml. Technically, therefore, bile samples were apparently able to be taken under relatively aseptic conditions. This suggests that when the bacterial count was similar or less than that in the control group, the detected bacteria were a result of contamination occurring at the time of catheter placement.
In the 17 patients in whom several bile samples were taken at different times, more bacterial isolates were detected after lithotomy than before EST, confirming that opening the peripheral part of the common bile duct was associated with the presence of bacteria in the bile soon after the procedure. The bacterial count on follow-up examinations performed 3 months or more after lithotomy was slightly, but not significantly, lower than that before EST. Therefore, although after lithotomy the EST-induced improvement in jaundice and the systemic administration of antibiotics may decrease the bacterial count, opening of the common bile duct resulted in the early adherence of bacteria to the inside wall of the bile duct, and substantial quantities of bacteria persisted even at the time of follow-up. Previous studies have also reported the adherence of bacteria to the inside of the bile duct soon after incision of the common bile duct by EST [24, 25, 28, 29] as well as the early detection of bacteria in bile soon after drain insertion in patients undergoing endoscopic retrograde biliary drainage [18] .
When the bile bacteria at follow-up were compared between recurrent and nonrecurrent cases, gram-negative bacilli such as Klebsiella and E. coli and Enterobacilli such as Enterococcus were frequently isolated in both groups, and Streptococcus, Enterobacter, and Pseudomonas were relatively frequently detected in patients without recurrence. Multiple isolates were found in 100% of the patients with recurrence and in 80.6% of patients who were followed up. Multiple isolates often included gram-negative bacilli. In patients with recurrence, multiple isolates included Klebsiella in 80% of cases and E. coli in 40%. There was no difference between the groups in anaerobes. The mean bacterial count was significantly higher in the patients with recurrence (7.4 + 0.7 log CFU/ml) than in those without recurrence (4.9 + 1.8 log CFU/ml).
When bile samples are taken perorally, a bacterial count of 104CFU/ml has been reported to indicate the presence of a pathogen responsible for biliary tract infection [30] . In our study, however, follow-up examinations performed 3 months or more after lithotomy, when inflammation and clinical signs and symptoms had already resolved, showed a mean bacterial count of 4.8 log CFU/ml, indicating the presence of substantial amounts of bacteria.
On cholescintigraphic and bacteriologic examinations of the bile, the mean number of isolates was 2.6 + 1.1, and the mean bacterial count was 3.2+ 1.1 log CFU/ml even in patients with good bile passage. These high values indicate that even in the presence of bacteria in bile there is minimal risk of establishing a site for inflammation, provided that biliary flow and passage are good. EST performed via medium or large incisions has the risk of retrograde infection. Most institutions therefore minimize incision size. However, at our institution the incidence of recurrent choledolithiasis, a late complication of EST, was about 8.0%, which is not higher than the rate at other institutions. This finding indicates that incision length has minimal effect on the incidence recurrence. Shigeno et al. [18] reported that the bacterial concentration of bile is in the range of 10 4-106CFU/ml when the bile flow is 300ml/day or more. Conversely, a bile flow of 150 ml/day or less is associated with a rise in the bacterial count to more than 108CFU/ml. Therefore, bile flow appears to be lower in patients with recurrence than in those without recurrence.
Whether or not biliary bacteria express /3-glucuronidase activity is related to the bacterial quantity as well as the intensity of -glucuronidase activity; the presence of/3-glucuronidase inhibitors has also been reported [9] [10] [11] [12] [13] . There is also positive correlation between total bile acid concentration and/%glucuronidase inhibition rate [9] [10] [11] [12] [13] .
Cholescintigraphy revealed significantly more biliary isolates and higher bacterial counts in patients with poor bile passage than those with good passage. In addition, both patients with recurrence had delayed passage. These findings indicate that /3-glucuronidase activity in patients with delayed passage is higher than that in patients with good passage, creating an environment conducive to the formation of calcium bilirubinate stones in the former group. Especially when the bacterial count is higher than 7.0log CFU/ml, the risk of a decrease in bile flow and an increased stone recurrence would possibly be found. Bile acid preparations, used clinically as choleretic agents, increase the total bile acid concentration as well as the bile-acid-dependent bile concentration, favoring a decreased concentration of bacteria.
Increases in the number of isolates and the bacterial count, seen in patients with recurrence, are important factors in stone recurrence. These findings suggest a decrease in bile flow and indicate an increased risk of recurrence. Patients presenting 16 J. ISHIGURO with these findings should therefore be carefully followed by ultrasonography or ERCP at regular intervals.
CONCLUSIONS
Biliary bacterial examinations and cholescintigraphy were performed in patients with choledocholithiasis. The following results were obtained: (1) No bacteria were detected in l0 of the 13 patients in the control group. In three patients the bacterial count was 2.21ogCFU/ml or less.
(2) Adherence of bacteria to the bile duct was seen soon after opening the peripheral part of the common bile duct. High concentrations of bacteria were found even on follow-up examinations.
(3) The number of isolates and bacterial quantity in patients with recurrence were slightly higher than those in patients with no recurrence.
(4) Cholescintigraphy revealed a trend toward a higher number of isolates and a higher bacterial count in bile in patients with delayed bile passage than in those with good passage.
The results suggested that an increased number of biliary isolates and an increased bacterial count indicate decreased bile flow in patients with choledocholithiasis who are being followed up after EST. In the case of more than 7.0 log CFU/ml in bacterial count could cause the high risk of stone recurrence. These variables may potentially serve as indicators of the risk of stone recurrence.
